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CHAPTER I 
INTRODUCTION
Statement of Purpose
The purpose of this study was to determine the effect of se­
lected time intervals between two unconditioned stimuli (electrical 
shock) on the number of responses evoked as measured by electrodermal 
responses.
Rationale
Montagu (9) indicates that the electrodermal response (EDR) is 
"the most sensitive physiological indicator of psychological events 
available to the psychologist," Chaiklin and Ventry (2, p, 10$) states 
that an increasing number of studies have established the validity of 
conditioned EDR puretone audiometry and its use appears to be finding 
increasing favor. However, Montagu (9) warns that the use of EDR as a 
measurement technique is beset by numerous sources of error that should 
be recognized if consistent results are to be obtained.
Many of these sources of error such as age (7), sex (9), posi­
tion of electrodes (U, p. 170), habituation (9), adaptation (9), and 
amplitude factors (L, p. 171) have been investigated. These investiga­
tions have provided the basis for the emergence of a clinical procedure 
along the lines described by Newby (10, p. 1$5) and Chaiklin (3),
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Goldstein (U, p. 172) states that the development of a standard­
ized technique based upon the evidence available would appear to be an 
important step toward objectifying the EDR procedures, Newby (10# p, 155) 
suggested that without such controlled procedures, errors in diagnosis may 
be made.
Among the variables which have apparently not been investigated 
and which would appear to play an important role in EDR evaluations is 
the "refractory period" in clinical procedures. Refractory period as it 
is used in neurology refers either to that period following stimulation 
of a neuron Wien no response can be elicited from a second stimulation 
(absolute refractory period) or that period when the response is markedly 
reduced in amplitude (relative refractory period) (11^ p. ^3). For the 
purpose of this experiment the clinical refractory period is defined as 
the period of time between the point when a stimulus (electrical shock) 
is administered and the point in time when the system (in this case com= 
prised of the subject and the instrumentation) is capable of producing 
a response of sufficient amplitude to meet the response criterion.
The examination and quantification of this period is important 
because its length may have a marked effect on the overall length as well 
as the validity of the EDR test. On one handg if more time than is nec­
essary is allowed between presentations, the test becomes unduly long.
It has been the experience in the University of Montana clinic when the 
intervals recommended by Newby (10, p, 157) (30-60 sec) are used it takes 
approximately one half hour to do EDR testing at each frequency for each 
ear. On the other hand, if stimuli are presented too close together the 
examiner runs the risk of not getting a response, when one would ordinarily
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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occur, due to the clinical refractory period. This would apparently be 
the case not only when two test stimuli were presented within a time inter­
val which was less than the clinical refractory period but more importantly 
when a test stimulus followed too closely a random response caused by some 
extraneous stimulus. Every response, whether produced by a test stimulus 
or an environmental stimulus, would presumably be followed by similar re­
fractory periods. This problem appears to go unmentioned in the literature. 
If all random responses as well as test responses were followed by inter­
vals similar to those suggested by Hardy and Bordley {$) and Newby (10, 
p. 157) the test duration would be markedly increased to a point of 
impracticability. In either of these cases, not allowing the refractory 
period to elapse before a second test stimulus is administerea can result 
in not getting a response when one would ordinarily occur and therefore 
cause a decrease in the validity of the test.
Background
The clinical EDR refractory period has two major components. One 
is due to the instrumentation and the other concerns the subject.
The instrumentation refractory period would appear to be a func­
tion of the duration of the stimulus presented and the rapidity with which 
the instrument initiating the stimulus can be operated. If the stimulus 
being presented is $ sec in duration, a second identical stimulus cannot 
be initiated within that $ sec period. There are no specifications avail­
able which would indicate the maximum speed with which the instrumen~ can 
be operated, but experience in the University of Montana clinic indicates 
that the instrumentation available often does not reliably produce stimuli 
when they are initiated with less than a 3 sec separation.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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This equipment limitation would appear to set a lower limit with­
in \diich no subject or physiological refractory period could be measured 
employing the instrumentation used in this experiment. It would also 
preclude the administration of test stimuli separated by intervals of 
less than 3 sec.
The subjects physiological refractory period would appear to have 
its basis in the refractory period of individual neurons. Tasaki (12, 
p. Go), in his work with individual nerve fibers, reports that if the 
interval of the stimulating pulses is reduced below about 10 milliseconds 
at room temperature there is a period following the production of an 
action current during which the nerve fiber fails to respond adequately 
to a second stimulus.
The problem is further complicated when bundles of nerves are 
stimulated. Ochs (11, p. it3) reports that the refractory period then 
becomes a function of the strength and duration of the stimulus as well 
as the type of nerve fibers stimulated.
No information was found to indicate what constitutes the refrac­
tory period for the entire EDR mechanism within the subject.
Clinical research in the field of audiology offers very little 
evidence to use as a guide. Most experimenters have either chosen to 
ignore the problem of refractory period or have at least left the inter­
val between stimuli unstated. Others have indicated an interval long 
enough to cover any eventuality, but with the concomitant disadvantage 
of increasing the length of the entire procedure unrealistically.
Hardy and Pauls (6) stated that "time must be allowed for the 
return to normal of the sweat-gland activity following stimulation
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
(about 15 seconds in most instances)," However, Wang (13) indicates that 
there is no conclusive experimental evidence to indicate whether electro­
dermal responses are in fact due to the secretory activity of the sweat 
glands or to the contraction of the glands which precedes any such 
secretion.
A delay of approximately l5 sec was also specified by Hardy and 
Bordley (5) presumably for the same reason, while Newby (10„ p. l57) 
recommends that "intervals of 30, it5, or 60 sec randomly mixed are used 
between events to give time for the patient’s skin resistance to stabi­
lize following a response," Neither of the authors cite any research to 
support their statements, nor do they acknowledge any attempt to control 
the effect of the refractory period following random responses,
Aronson, Hind and Irwin (l) controlled delay between stimulus 
presentations by using l5, 22, and 30 sec; however, they provided no 
rationale for the choice of the intervals,
Goldstein, (ij., p, 171) implies a lack of evidence in his statement;
The refractory period for EDR has not been adequately defined for the 
variety of circumstances under which EDRs are elicited in the clini­
cal situations. The relative refractory period is usually assumed 
to be 10-12 sec but longer inter stimulus intervals ar e ~or d inâ’Hiy ”̂ 
recommended for clinical EDR, (Author’s italics.)
In summary, there is very little theoretical or clinical evidence 
which would suggest a minimum delay between presentations of suimuli or 
between responses to extraneous stimuli and test presentations for clini­
cal procedures in EDR audiometric evaluations.
In order to determine some limits of the refractory period in 
clinical procedures, four time intervals were chosen (3 sec, 5 sec. 10 sec 
and 20 sec) in order to sample a range from the smallest useful interval
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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obtainable on the arason-Stadler PG/R, iiodel E66I4., which is one of the most 
widely emoloyed commercial instruments, to the longer intervals which were 
recommended by Goldstein (U, p. 171) and others (1, 6, 10, p. l57)«
The basic design of this study involved a combination of clinical 
equipment and procedures commonly used in audiometric evaluations, with 
the "double-shock" technique reported by Ochs (11, p. Ul)» This tech­
nique is used in neurology to determine refractory periods of individual 
nerve fibers. The clinical procedure is oatterned after the procedures 
described by Chaiklin (3) and Newby (10, p. 195).
The "double-shock" technique as described by Ochs (11, o. î l) 
involves the use of a "conditioning" shock followed by a "test" shock 
(Fig. 1). Using this technique, if the test shock is presented
Conditioning Test
response resDonse
Time
TConditioning shock Test shock
Fig, 1. Double-shock technique is shown: a conditioning shock
elicits a conditioning response, followed by a test shock giving 
rise to a test response.
during the refractory period, no test response should be elicited. 
Thus if other variables are held constant an}" significant differences 
between the number of responses elicited as a function of the dif­
ferent time intervals would ores umably indicate an effect on the num­
ber of responses by the refractory period. If no significant dif­
ferences were found, it would suggest that, within the limits of the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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investigation, the time intervals chosen had no effect on the number of 
responses obtained. The information obtained using this method of inves­
tigation would suggest a minimum interval to be used between a test or 
random response and the following test presentation used in clinical 
electrodermal audiometry.
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CHAPTER II 
PROCEDURE
Statement of Purpose
The purpose of this study was to examine the effect of four se= 
lected time intervals between two unconditioned stimuli on the number of 
electrodermal responses elicited by the second stimulus (test stimulus). 
Significant differences in the number of EDRs as a function of interval 
duration should be an indication of the length of the refractory period 
that is a result of a combination of the instrumentation refractory time 
and the physiological refractory period of the subject.
This information is critically involved in the development of a 
standard procedure for EDR audiological evaluation which can be done in 
a minimum of time and at the same time maintains a maximum validity.
The hypothesis to be tested is g There is no difference in the 
number of test responses elicited from the test stimuli as a function 
of selected time intervals between conditioning stimuli and test stimuli.
Subjects
The subjects used in this study consisted of twelve male volun= 
teers ranging in age from 21 to 32 years with a mean age of 25 years.
They were all students or staff members at the University of Montana, All 
of the subjects indicated that they were in essentially normal health,
- 6-
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stimuli
The stimuli used in this experiment consisted of electrical shocks 
administered in pairs. The first stimulus of the pair was labeled the 
"conditioning" shock and the second the "test" shock. No attempt was made 
to condition the subjects to respond to auditory stimuli.
All responses in this study were elicited through the administra­
tion of an electrical stimulus. This represents a deviation from the 
usual clinical procedure. The procedure used had the advantages of 
avoiding the loss of subjects due to an inability to achieve conditioning 
as well as avoiding the problems involving extinction of conditioning.
If the number of responses was affected by the refractory period following 
unconditioned stimulus it would be hypothesized that the same effect would 
be found following a conditioned stimulus. The next logical experiment 
would be the examination of this hypothesis.
Instrumentation
The subjects were tested in an Industrial Acoustics Corporation 
sound-treated audiometric testing room^ Model lAC i|03 8, Icoaxed in the 
University of Montana Speech and Hearing Clinic, This room was used to 
reduce to a minimum extraneous stimuli thereby reducing the number of 
random EDRs obtained,
A Grason-Stadler PC/R, Model E66L was used to provide the stimuli 
and record the responses. This instrument has two sets of electrodes, 
one pair for administering the unconditioned stimulus and a second for 
recording electrodermal changes. This instrument was located in a con­
trol room adjacent to but isolated from the lAC room. The experimenter
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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was able to monitor the test visually through a one-way mirror and audi­
torily through a two-way talk-back system. This system also allowed the 
experimenter to talk to the subject when necessary.
Test Procedure
The test procedure used in this study closely resembled the pro­
cedure suggested by Chaiklin (3) and Newby (10j, p. 19$). However^ no 
attempt was made to condition the subject to auditory stimuli.
Each subject was seated in the sound-treated room and was given 
the instructions appearing in Appendix A, The subject was told that he 
would have control of the intensity level of the shock by telling the 
experimenter when he felt that the shock was at an intensity level that 
was as high as he could tolerate it without excessive discomfort. He was 
also informed that he would be able to have the intensity level of the 
shock reduced at any time he felt it was becoming too uncomfortable.
The two stimulus electrodes were attached to the palmar surface 
of the first and third fingers of the subject's right hand. The recording 
electrodes were attached to corresponding positions on the left hand. 
Adhesive tape was used to secure all electrodes to the fingers. The 
subject was once again reminded to sit quietly.
At this time the experimenter returned to the control room. The 
subject was allowed 60 sec to adjust his position and "settle down."
This tended to reduce the amount of random activity^ and thereby the 
amplitude and number of the random excursions of the heat stylus recorder. 
Following this 60 sec period the sensitivity control on the PG/R^ which 
determines the stylus excursion amplitude, was adjusted so that visual
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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inspection revealed that the random activity of the subject as measured 
by deflections of the stylus measured less than 1 mm from the base line.
Once this had been accomplished the subject was told^ through the 
speaker system, that the shock level would then be adjusted. He was 
asked to report when the intensity level of the stimulus was as high as 
he could tolerate it without excessive discomfort. In order to encourage 
him to accept higher shock levels and thereby reduce the effect of adap­
tation on responses, he was told that the higher the intensity level was
set, the faster the experiment would proceed.
At this time a series of shocks was administered beginning at the 
lowest intensity available (,25 ma) and increasing the level in approxi­
mately ,15 ma increments until the subject indicated that he had reached 
the maximum level that he could tolerate without excessive discomfort.
This procedure for setting the intensity level proved to be satisfactory 
as all subjects accepted a level vhich elicited responses meeting the 
criteria during the first two sequences of the four sequence test, Wien 
the shock intensity level was attained the subject was asked to remain 
silent unless he wished the intensity level to be decreased.
After the first two sequences had been completed the subject was
asked if he could tolerate an increase in the intensity level of the 
shock without it becoming excessively uncomfortable. All subjects re­
ported that they would tolerate an increase in the intensity level. The 
results of a pilot study indicated that all (six) subjects in the pilot 
study were able to complete two sequences. Half of the subjects in the 
pilot study failed to respond during the third sequence. This was assumed 
to be due to an adaptation effect. Because of this finding, the shock
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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was increased in the main study after two sequences had been completed 
employing the same procedure that was used initially in setting the shock 
level. All subjects allowed the shock level to be increased to an in­
tensity sufficient to complete the experiment.
The actual test consisted of presentation of a conditioning shock 
and a test shock separated by one of the four intervals being examined.
The intervals were 3 sec, S sec, 10 sec, and 20 sec. The presentation of 
four pairs of shocks each separated by one of the four intervals comprised 
a single sequence. A period of 30 sec in which no deflections of the 
recorder of more than 1 mm were recorded preceded each conditioning 
shock. Each subject was administered a total of four sequences.
The order in which the intervals were presented within each 
sequence was counterbalanced. The counterbalancing of intervals which 
was used for this study is shown in Appendix B. Each of the 2U orders 
was administered to two subjects making a total of UB sequences. This 
counterbalancing was intended to minimize any order effect which might 
have been present.
Finally the tapes from tie PG/R e66I\ recorder were examined for 
responses to the test stimuli. In order to be recorded as a response 
the test shock a) had to be followed by an excursion of the stylus trace 
beginning no sooner than 1.5 sec nor later than 3.5 sec after the onset 
of the test stimulus and b) had to deflect one millimeter or more in 
amplitude from the base line (3). This proved to be a highly reliable 
method for judging a response or lack of response. Two independent 
judges reviewed the tapes and of the 192 separate judgments one of the 
judges was in complete agreement with the experimenter and the other
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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judged one deflection to meet the criteria for a response while the 
experimenter and the first judge found it to be inadequate in amplitude, 
This questionable response followed the 10 sec interval so would have 
not affected the significance of the results.
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CHAPTER III
RESULTS
Treatment of the Data
The total number of responses^ percentage of responses as well as 
the mean number of responses per subject for each of the four intervals 
appear in Table 1 - There were U8 responses possible for each time inter= 
vale, The 3 sec interval was followed by responses 39 timesj the 5 sec 
interval l+U times^ and the 10 sec and 20 sec intervals were followed by 
responses U? times„
Table 1 indicates that responses occurred 81*2^ percent of the 
time following the 3 sec intervalg 91o6? percent of the time following 
the 5 sec interval^ and 97<>92 percent of the time following boûh the 10 
sec and 20 sec intervals*
A summary of the analysis of variance using the Treatments X Sub­
jects design as described by Lindquist (8g p* 15?) on the time intervals 
and subjects is presented in Table 2* The ratio was significant 
beyond the «0^ level of confidence * This would indicate rejection of 
the hypothesis of no difference in the four selected time intervals as 
a function of the number of responses obtained from a test stimulus.
Since the value of this information lies not in knowing s„hdi a 
difference existed but in knowing which intervals differed significantly, 
**t" tests were computed comparing all separate pairs of means using the
=iii=
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TABLE 1* The Total Responsej, Percentage of Responses and Mean Responses 
Per Subject for Each of the Four Intervals.
Intervals
Subject No. 3 sec
1 h
2 1
3 3
h h
5 U
6 U
7 U
8 3
9 k
10 1
11 h
12 3
Total No. of 
Responses
Elicited 39
Total No. of 
Stimuli
Presented U8
Percentage of 
Responses 81.2h
Mean Responses
Per Subject 3o2$
5 sec
h
h
h
h
h
3
li
3
li
3
li
3
lili
U8
91.67
3.67
10 sec
li
li
li
li
li
li
li
li
li
li
li
3
li?
Ii8
97.92
3.92
20 sec
li
li
li
li
li
3
li
li
li
li
li
li
li8
97.92
3.92
TABItE 2. Summary of Analysis of Variance Evaluating Subjects and Treatments 
Effects on the Number of Electrodermal Responses for 12 Male 
Subjects,
Source
Treatments (a)
Subjects (s)
Treatment X Subjects (as)
3
11
33
*F s ^®a/mSg^g significant beyond the .0$ level,
ms
1.187$
.$$113
.38Uii6
F
3.08874
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formula (8^ p. 165)s
= M2 
^ “ I 2msas
df s (a c= l)(s - 1)
lAiere a » number of treatmentsj, s « number of subjectsj, and ms^g s the 
mean square value of the treatments X subjects interaction from the 
test sho-wn in Table 2.
On the basis of the '*t" test, the mean number of responses fol= 
lowing a 3 sec interval differed significantly from the 10 sec and 20 sec 
intervals at the »05 level of confidence. Differences between the 3 sec 
and 5 sec intervals and 5 sec and the 10 and 20 sec intervals were not 
significant at the «05 level of confidence «
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CHAPTER 17
DISCUSSION
The results described in the previous chapter indicate that the 
time interval between pairs of stimuli (electrical shock) has a signi= 
ficant effect upon the number of responses elicited by the second or 
test stimuluso
Twelve male students and staff members of the University of Mon­
tana were administered pairs of stimuli (electrical shock) which were 
separated by four selected time intervals (3 sec^ $ sec# 10 sec and 
20 sec). The number of responses for each time interval was recorded 
and the results compared. It would appear that the procedure followed 
in this study was sufficiently sensitive to demonstrate the effect of 
the clinical refractory period as previously defined. This effect was 
a reduction in the number of responses to the second of a pair of 
stimuli when the interval between the stimuli was reduced to 3 sec.
In addition to the results reported in Chapter III there were 
some findings vhich may be of importance clinically. The test procedures 
cited in Chapter I involve the use of a majority of responses (three of 
four or five) as a pass or fail criterion for the determination of 
threshold at a given intensity level. At the 5 sec^ 10 sec, and 20 sec 
intervals all subjects would have passed using this criterion. This 
was not the case using the 3 sec interval however. Two of the twelve
•=17 “■
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subjects responded one time in four at that level. In a clinical situa= 
tion using this criterion for pass or fail these subjects would have 
failed vAien in fact they would have been expected to have responded to 
the stimulus had it not been for the effect of the clinical refractory 
period.
The instrumentation used in this experiment had one important 
limitation. Results of a pilot study indicated that the instrument 
failed to produce the second or test stimulus on 11 occasions out of JO 
trials when the interval between the conditioning stimuli and the test 
stimuli was reduced to 2 sec. When the interval was raised to 3 sec the 
second stimulus was produced on every occasion. This precluded any in­
vestigation of intervals of less than 3 sec in duration.
Because the procedure used measured the refractory period of the 
instrument and the subject in combination some caution should be exer­
cised in generalizing from the results found in this experiment to other 
instrumentation. It would appear desirable to repeat the study using 
other types of EDR equipment capable of more precise control of time 
intervals less than 3 sec in duration^ however, investigation of inter­
stimulus intervals of less than 3 sec in duration would have little 
practical application. Clinically there would be little advantage in 
decreasing the interval to less than 3 sec.
Recommendations
The results of this investigation suggest that the interval
between stimulus presentations can be lowered from the minimum times 
presently suggested in the literature. An interval of 5 sec would appear 
to be long enough to avoid any effects of a clinical refractory period.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
=19=
Caution is indicated in reducing the interval to 3 sec because the 
risk of getting no response due to the clinical refractory period when one 
would have been likely with a longer interval is significantly increased»
The results of this study are based on responses to unconditioned 
stimuli (electrical shock) while clinical procedures involve the use of 
conditioned stimuli (typically acoustical signals)» The extent to which 
the results of this investigation apply to the clinical procedure for 
determination of auditory threshold is not definitely known^ although the 
results obtained using unconditioned stimuli such as shock would be exnected 
to be similar to those obtained using conditioned stimuli such as an acous­
tical signal (1)0 This expectation should be verified experimentally using 
a similar procedure but employing a conditioned stimulus (i»e» acoustical 
signals) as the second or test stimulus following an appropriate conditioning 
procedure »
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CHAPTER 7 
SUIC'ÎARY AND CONCLUSIONS
An investigation was made to determine the effect of four se­
lected time intervals i,j sec^ 5 sec, 10 sec, and 20 sec) between two 
unconditioned stimuli (electrical shock) on the number of electrodermal 
responses elicited by the second stimulus as measured by clinical EDR 
procedures and instrumentation»
Each of twelve male volunteers was administered a total of six­
teen pairs of stimuli. Each of the four time intervals was used to 
separate four of the oairs and the number of responses for each interval 
was recorded.
The results obtained were evaluated by means of an analysis of 
variance technique using a treatments X subjects design. This analysis 
indicates that there were statistically significant differences (.05 
level of confidence) in the mean number of responses produced following 
each intervals.
Further statistical examination of the data through the use of a 
"t" test revealed that the difference between the mean number of responses 
following the 3 sec interval and the mean number following the 10 and 20 
sec intervals was significant at the .0$ level of confidence.
These results indi:ate that the interstimulus intervals suggested 
in the literature may be reduced to a duration of 5 sec without any signi­
ficant effect on the results by the clinical refractory period.
- 20-
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The results further indicate that caution is necessary when the 
interstimulus interval is reduced to 3 sec or lesso This is due to the 
increased risk of getting no response because of the clinical refractory 
period when one would have been likely with a longer interstimulus Interval,
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APPENDIX A 
INSTRUCTIONS
In this e^qjeriment you will not have to do anything but sit very 
quietly. You will receive a series of slight shocks in your right hand. 
Before we starts you may set the level of the shock by telling me when it 
is as strong as you can tolerate it without any great discomfort. If at 
any time during the test you feel the shock is too strong, say so and I 
will turn it down. Keep in mind that the higher you set the shock the 
faster the experiment will progress. Once the level of the shock is 
established, sit quietly without talking unless you want the shock level 
turned down. Move as little as possible. Sit comfortably and relax.
"23"
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APPENDIX B
The schedule for counterbalancing time intervals is presented 
belowo A represents a 3 sec interval, B represents a 5 sec interval , 
C represents a 10 sec interval and D represents a 20 sec interval.
Subjects Intervals
1 and 7
2 and 8
3 and 9
U and 10
5 and 11
6 and 12
A B G D
A G D B
A D B G
A B D C
A C B D
A D G B
B A C D
B A D G
B G D A
B G A D
B D A C
B D G A
C A B Dc A D Bc B D Ac B A D
0 D A Bc D B AD A B GD A G B
D B A CD B G AD G A BD G B A
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